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Edited by Felix WielandAbstract Pex14p is a peroxisomal membrane-associated pro-
tein involved in docking of both Pex5p and Pex7p to the perox-
isomal membrane. Previous studies have shown that, in humans,
the N-terminal region of Pex14p interacts with WxxxF/Y motifs
in Pex5p. Here, we report that Saccharomyces cerevisiae
Pex14p contains two independent Pex5p binding sites, one in
the N- and one in the C-terminus. Using deletion analysis we
show that, in vivo, both of these interactions are needed for
PTS1 import. Furthermore, we show that the characterized
WxxxF/Y motifs of Pex5p are not essential for binding to the
N-terminus of Pex14p but do play a role in the interaction with
the Pex14 C-terminus. Thus, the data suggest that the mecha-
nism of the Pex14p–Pex5p interaction in yeast is diﬀerent from
that previously reported for humans.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Protein import1. Introduction
Peroxisomes are single membrane bound organelles that are
ubiquitous in eukaryotic cells. Their function can vary between
diﬀerent organisms and diﬀerent cell types, but two well-con-
served functions are the b-oxidation of fatty acids and hydro-
gen peroxide detoxiﬁcation [1]. Proteins destined for the
peroxisomal matrix are synthesized on free ribosomes in the
cytosol [2] and post-translationally imported via the use of
one of the characterized peroxisomal targeting signals; type1
(PTS1) or type2 (PTS2). The PTS1, consisting of the extreme
C-terminal tri-peptide sequence (S/C/A)(K/R/H)(L/M), is by
far the most common signal [3,4]. The less abundant PTS2 is
an N-terminal nona-peptide with the consensus (R/K)(L/V/
I)X5(H/Q)(L/A) [5,6]. Both PTS1 and PTS2 proteins are recog-
nized in the cytosol by their associated cycling receptors, Pex5p
[7–9] and Pex7p [10,11], respectively. Arguably the most stud-
ied Peroxin, Pex5p, is a bi-domain protein (Fig. 1A). The
highly conserved C-terminal domain contains seven tetratrico-
peptide repeats (TPRs) shown to be suﬃcient and essential for
PTS1 protein binding [12,13]. The N-terminal domain shows
little conservation, with the notable exception of multiple*Corresponding author. Fax: +31 206 915 519.
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logs and are thought to be involved in binding to the peroxi-
somal membrane-associated protein Pex14p [14,15]. This
protein is believed to be the point of convergence for both
PTS1 and PTS2 import as it can interact with proteins associ-
ated with both pathways [16,17]. Pex14p has been identiﬁed in
numerous organisms and contains a conserved N-terminus
[15], shown to bind the WxxxF/Y motifs of Pex5p in humans
[14], a PxxP motif, responsible for the interaction with Pex13p
[18] and a coiled coil region, thought to be involved in dimer-
ization [19] (Fig. 1A). Pex14p also contains a poorly conserved
C-terminal region, whose function has not yet been deﬁned. It
is believed that Pex14p, together with Pex13p (and Pex17p in
yeast), constitutes the initial docking complex for both Pex5p
and Pex7p [20].
In earlier work from our group, we reported that mutation
of the two WxxxF/Y motifs in S. cerevisiae Pex5p (ScPex5p)
did not abolish the interaction with full length ScPex14p
[21]. This would suggest that the mechanism by which
ScPex14p binds to ScPex5p is diﬀerent from that previously
seen in other species [14,15]. In this study, we present an in
depth analysis of the Pex14p–Pex5p interaction in S. cerevisiae.
We demonstrate that ScPex14p contains two independent
ScPex5p binding sites and that both of these sites are essential
for PTS1 import. In addition, we show that the WxxxF/Y mo-
tifs are not essential for binding to the N-terminus of Pex14p
but that a region of Pex5p containing a reverse WxxxF/Y mo-
tif may be involved.2. Materials and methods
2.1. Strains and culture conditions
The yeast strains used in this study are as follows: Saccharomyces
cerevisiae BJ1991pex14D (MATa, pex14::LEU2, leu2, trp1, ura3-251,
prb1-1122, pep4-3, gal2) and PCY2 (MATa, Dgal4, Dgal80, URA3::-
GAL1-lacZ, lys2-801, his3-D200, trp1-D63, leu2, ade2-101). Yeast
transformations were performed as described in [7]. Transformants
were grown on minimal media containing 0.67% yeast nitrogen base
(Difco), 2% glucose and amino acids (20 lg/ml) as required. The E. coli
strain DH5a (recA, hsdR, supE, endA, gyrA96, thi-a, relA1, lacZ) was
used for all plasmid isolations. The E. coli strains BL21 DE3 (B, F,
dcm, ompT, hsdS ðrBmB Þ, gal k(DE3)) and SG13009 (F, his, pyrD,
Dlon-100, rpsL) were used for the expression of His6 GST and His6 fu-
sion proteins, respectively. Cells transformed with bacterial expression
constructs were grown at 37 C to an OD600 of 0.4 in 1 liter LB med-
ium supplemented with 2% glucose, 50 mM Tris–HCl, pH 7.4 and anti-
biotics as required. Cells were then transferred to 21 C and grown to
an OD600 of 0.7 and induced with 0.25 mM IPTG (Invitrogen) for 6 h.
Cells were harvested by centrifugation for 20 min at 9000 · g, washed
with water and stored at 20 C.blished by Elsevier B.V. All rights reserved.
Fig. 1. Two-hybrid analysis of the ScPex14p–ScPex5p interaction. (A)
Domain structures of S. cerevisiae Pex14p and Pex5p, showing for
Pex5p, the seven TPR repeats (grey boxes) and the two WxxxF/Y
motifs (hatched boxes). For Pex14p, the conserved N-terminus (black
box) and the PxxP motif (arrow) are indicated. A coiled coil region
(CC), as predicted by SMART (http://smart.embl-heidelberg.de/) is
also shown. (B) Constructs expressing Gal4DB fused to WT and
truncated forms of Pex14p were co-transformed with Gal4AD Pex5p
to the yeast two-hybrid strain PCY2. Activity of the reporter
b-galactosidase (deﬁned as absorbance at 420 nm per mg of protein
per min) was used to determine the strength of interactions. Values
correspond to the means ± S.D. of four independent measurements,
except * which was taken from two measurements. All Gal4DB Pex14
constructs were tested against the Gal4AD domain alone and showed
no activity. Likewise, Gal4AD Pex5p showed no interaction with
Gal4DB (not shown).
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Details of primers can be seen in Table 1. The following plasmids
have been described previously: pAN92, a fusion of the Gal4 trans-
activating domain (Gal4AD) and Pex5p 239–300 [22]; pAN4, a fusion
of Gal4AD and Pex5p [13]; pGB47, a fusion of the Gal4 DNA binding
domain (Gal4DB) and Pex14p [21]; Gal4AD Pex5 W204A, a fusion of
Gal4AD and Pex5 W204A [21]. Plasmids expressing fusions of
Gal4DB and Pex14p were made as follows: polymerase chain reaction
(PCR) was performed on pGB47 using the primer combinations
PR100 and PR104 (1–58, pCW33), PR122 and PR127 (1–94,Table 1
Primers used in this study
Primer Sequence (5 0–3 0)
PR184 CGGACTAGTAAGCTTGCATGCCTGCAG
PR66 CGGAATTCTTGGCTCGGGATCACCAGAAACTGT
PR100 GGAATTCTAGGAAGCGGAAGCATGAGTGACGTG
PR101 GGAATTCTAGGAAGCGGAAGCTGGAAGGACTAT
PR102 GGAATTCTAGGAAGCGGAAGCTCCATATCTCCT
PR103 GGAATTCTAGGAAGCGGAAGCAAAAAAGCAAGA
PR104 CCACTAGTACTATTCAATCTCCTTTTCTGTTAA
PR105 CCACTAGTACTATGGGATGGAGTCTTCGAC
PR122 GGAATTCTAGGATCCATGAGTGACGTGGTCAGT
PR123 CCACTAGTACTGCAGCTAGGAAAATAATCTGTT
PR127 CCACTAGTACTGCAGCTACCAATCCCTGTGGGG
D52 P14 CGGGATCCATGGAGCCCAAGAAAGACGGTATC
D58 P14 CGGGATCCATGATCGTAGGCGATGAAGTATCG
PstI P14 AACTGCAGCTATGGGATGGAGTCTTCGAC
P14 PRO 5 0 CGAATTCCCTCCCGCCATAATTG
P14 PRO 3 0 CGAGCTCCTTATTCACCTTACAACTTC
pW120A GAGTGAACGATATATCTCATGCGTCACAGGAAT
pW120A R CCTTGAAATTCCTGTGACGCATGAGATATATCGpCW56), PR101 and PR105 (94–341, pCW34), PR102 and PR105
(252–341, pCW35) and PR103 and PR105 (301–341, pCW36), the
products were digested with EcoRI and SpeI and ligated into the
EcoRI–SpeI sites of pPC86 [23]. The resulting vectors were digested
with SmaI and SpeI and ligated into the SmaI–SpeI sites of pPC97
[23]. To produce the fusion of Gal4DB and Pex14 59–341 (pGB36)
the EcoRI–SpeI fragment from pGB29 (see below) was ligated into
EcoRI–SpeI digested pPC86. The resulting product was digested with
SalI and NotI and the fragment was ligated into SalI–NotI digested
pPC97. To produce the fusion of Gal4AD and Pex5p 239–612
(pCW60), PCR was performed on pAN4 using the primers PR66
and PR184 and the resulting product was digested with EcoRI and
SpeI and ligated into EcoRI–SpeI digested pPC86. Gal4AD fusions
of Pex5 W120A and W120/204A were produced using the Quick-
Changee site-directed mutagenesis kit (Stratagene) and primers
W120A and W120A R with, respectively, pAN4 and Gal4AD Pex5
W204A as templates. His6 GST tagged Pex5 239–300 containing a To-
bacco Etch Virus (Tev) protease cleavage site (pCW68) was con-
structed by ligating the NcoI–HindIII fragment of pAN94 [22] into
the NcoI–HindIII sites of pETM-30 (a kind gift from G. Stier, EMBL
Heidelberg, Germany). His6 Pex14 1–94 (pCW76) was made by ligat-
ing the BamHI–PstI fragment from Gal4AD Pex14 1–94 (pCW52) into
BamHI–PstI digested pQE9 (Qiagen). Plasmids for in vivo expression
of Pex14p constructs under control of the Pex14 promoter (PPex14)
were made as follows: The Pex14 promoter, representing the region
617 to 1 bp upstream of PEX14, was ampliﬁed by PCR on genomic
DNA using primers P14 PRO 5 0 and P14 PRO 3 0, the product was di-
gested with EcoRI and SacI and ligated into EcoRI–SacI digested
pUC19 producing pGB27. The BamHI–PstI fragment from pGB4
[21] was ligated into the BamHI–PstI sites of pEL43 [24] and the
NarI–SacI fragment was removed and replaced by the NarI–SacI frag-
ment of pGB27 to produce PPex14 Pex14 (pGB30). PPex14 Pex14 1–252
(pCW51) was constructed by PCR on pGB47 using primers PR122
and PR123. The product was digested with BamHI and PstI and li-
gated into BamHI–PstI digested pEL43. The NarI–SacI fragment
was replaced by the NarI–SacI fragment from pGB27. PCR was per-
formed on pGB4 using primers PstI P14 and D52 P14 or D58 P14.
The products were digested with BamHI and ClaI and ligated into
the BamHI–ClaI sites of pGB4 producing pUC19 Pex14 53–341 and
59–341 (pGB28 and 29), respectively. The resulting vectors were then
digested with BamHI and PstI and the fragments were ligated into
pGB30 partially digested with BamHI and PstI, producing PPex14
Pex14 53–341 (pGB31) and 59–341 (pGB32). All constructs made
using PCR were conﬁrmed by sequencing.
2.3. Puriﬁcation of fusion proteins expressed in E. coli
Cell pellets were thawed in Buﬀer 1 (100 mM potassium phosphate,
pH 7.4, 5 mM 2-mercaptoethanol, 0.1% Triton X-100 and 2 mM
PMSF), treated with 1 mg/ml lysozyme at 21 C for 15 min and pulse
sonicated on ice for 8 · 30 s. Cell debris was removed by centrifugationComments
Pex5 612 SpeI (R)
TGAGAAGGAAG Pex5 239 EcoRI (F)
GTCAGTAAAG Pex14 1 EcoRI (F)
TTTGTGATGGC Pex14 94 EcoRI (F)
AATGGTATACC Pex14 252 EcoRI (F)
GAACAAACTATTG Pex14 301 EcoRI (F)
CCC Pex14 58 STOP SpeI (R)
Pex14 341 SpeI (R)
AAAG Pex14 1 EcoRI + BamHI (F)
GTCCTGC Pex14 252 PstI + SpeI (R)
CAGC Pex14 94 STOP PstI + SpeI (R)
Pex14 53 BamHI (F)
Pex14 59 BamHI (F)
Pex14 341 PstI (R)
Ppex14 EcoRI (F)
Ppex14 SacI (R)
TTCAAGG Pex5 W120A (F)
TTCACTC Pex5 W120A (R)
Fig. 2. Localization of catalase and thiolase in pex14D cells expressing
truncated forms of Pex14p. Pex14D cells expressing WT Pex14p, Pex14
1–252, Pex14 53–341 or an empty vector were subjected to subcellular
fractionation. Equivalent volumes of the 600 · g post-nuclear
supernatant (H), 17500 · g organellar pellet (P) and 17500 · g
supernatant (S) were subjected to Western blotting and staining with
antibodies speciﬁc for catalase A (a PTS1 protein) and 3-ketoacyl-CoA
thiolase (a PTS2 protein).
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NTA (Qiagen) or Glutathione–Sepharose 4B (Amersham Biosciences)
resin equilibrated with Buﬀer 1. The resin was washed with Buﬀer 1
and the fusion proteins were eluted with Buﬀer 2 (100 mM potassium
phosphate, pH 7.4, 5 mM 2-mercaptoethanol and 2 mM PMSF) con-
taining either 330 mM imidazole or 20 mM reduced glutathione. His6
GST tags were removed by addition of 100 lg recombinant His6 Tev
protease (a kind gift from G. Stier) followed by incubation at 4 C
overnight and at 30 C for 3 h. Both His6 GST and His6 Tev were re-
moved by loading lysates onto Ni-NTA resin and collecting the run
through. Puriﬁed proteins were concentrated and equilibrated in Buﬀer
2 using Amicon Ultra centrifugal ﬁlters (Millipore) and stored at
80 C. Purity was monitored by SDS–PAGE analysis. Protein con-
centrations were estimated using the Bradford method with BSA as
standard [25].
2.4. In vitro pull down assay
150 lg of Pex5 239–300 was incubated with either 150 lg His6 Pex14
1–94, 150 lg His6 Tev or alone in a total volume of 1 ml Buﬀer 2 for
30 min at 21 C and loaded onto 0.5 ml Ni-NTA resin equilibrated
with Buﬀer 2. The resin was washed with 6· 0.5 ml Buﬀer 2 and pro-
teins were eluted with 0.5 ml Buﬀer 2 containing 330 mM imidazole.
Samples of the elution fractions were subjected to 8–20% SDS–PAGE
followed by Western blotting and staining with antibodies speciﬁc for
Pex14p, His6 (Sigma) or Pex5p.
2.5. Miscellaneous
Published procedures were used for subcellular fractionation [21],
b-galactosidase enzyme activity determination [22] and Immuno Elec-
tron Microscopy [7].Fig. 3. Electron microscopy analysis of pex14D cells expressing
truncated forms of Pex14p. Cryosections of oleate-grown pex14D cells
expressing WT Pex14p (A), Pex14 53–341 (B and E), Pex14 1–252 (C
and F) or an empty vector (D) were labeled with primary antibodies
speciﬁc for catalase (A–D) or thiolase (E and F) and immuno gold
particles conjugated to Protein A. M, mitochondrion, P, peroxisome.
Bar: 0.2 lm.3. Results
3.1. ScPex14p contains two separate binding sites for ScPex5p
In the yeast S. cerevisiae, Pex14p has been shown to interact
with Pex5p [16] and it is believed that the ﬁrst 58 amino acids
are responsible for this interaction [26]. Previously, we ob-
served that deletion of the ﬁrst 58 amino acids of Pex14p re-
sulted in an oleate non-utilizing phenotype when expressed
in a pex14D strain but the truncated protein retained the ability
to interact weakly with Pex5p in the two-hybrid system (our
unpublished data). This suggested that Pex14p might contain
multiple Pex5p binding sites. To address this, we constructed
systematic deletions from both the N- and C-terminus of
Pex14p and determined their interaction with full-length Pex5p
using the two-hybrid system (Fig. 1B). In addition to wild-type
(WT) Pex14p, two separate fragments of Pex14p strongly
interacted with Pex5p, Pex14 1–94 and Pex14 252–341. Further
deletion of these fragments resulted in an almost complete loss
of the interaction.
3.2. Both ScPex5p binding sites in ScPex14p are essential for
PTS1 protein import
To test whether these interactions were important in vivo,
constructs were made in which one of the potential binding
sites was deleted. Pex14D cells expressing either WT Pex14p,
Pex14 1–252, Pex14 53–341 (Pex14 59–341 was either degraded
or not expressed when tested) or an empty vector (Ycplac33)
were homogenized and the 600 · g post-nuclear supernatant
was subjected to centrifugation at 17500 · g. Equivalent vol-
umes of the organellar pellet and supernatant fractions were
analyzed by Western blotting with antibodies speciﬁc for cata-
lase A (a PTS1 protein) and 3-ketoacyl-CoA thiolase (a PTS2
protein). In pex14D cells expressing WT Pex14p, both catalase
and thiolase were located predominantly in the pellet (Fig. 2),indicating that both proteins were imported. In cells trans-
formed with an empty vector, both catalase and thiolase were
mislocalized to the cytosol. Similarly, cells expressing Pex14
53–341 also miss-targeted catalase and thiolase to the cytosol.
Expression of Pex14 1–252 resulted in a catalase import deﬁ-
ciency but had only a very limited eﬀect on thiolase import.
Antibodies against Pex14p conﬁrmed that in all cases, Pex14p
was expressed and targeted to peroxisomes (not shown). To
verify these results using an independent method, Immuno
Electron Microscopy was performed. Cells expressing WT
Pex14p targeted catalase eﬃciently to peroxisomes, as seen
by the labeling of peroxisomal proﬁles (Fig. 3A), whereas in
cells expressing the deletion constructs or empty vector, gold
Fig. 5. In vitro pull down assay. Puriﬁed Pex5 239–300 was incubated
in the presence of His6 Pex14 1–94 (Pex14), His6 Tev (Tev) or buﬀer
alone () and loaded onto Ni-NTA resin. After thorough washing,
proteins were eluted with Imidazole. Equivalent volumes of the His6
Pex14 1–94, His6 Tev and Pex5 239–300 samples loaded onto the Ni-
NTA resin (Load) and the elution fractions were analyzed by Western
blotting using antibodies directed against Pex14p (upper panel), His6
(middle panel) or Pex5p (lower panel).
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localization was similar to that observed in the fractionation,
with peroxisomal staining in the case of WT Pex14p (not
shown) and Pex14 1–252 (Fig. 3F) and cytosolic with the
empty vector (not shown) and Pex14 53–341 (Fig. 3E). Frac-
tionation studies were also performed on a strain expressing
Pex14 1–301, which showed WT distribution of both catalase
and thiolase (not shown), indicating that the region important
for catalase import is located between residues 252 and 301.
3.3. The two WxxxF/Y motifs in ScPex5p are not essential for
binding to ScPex14 1–94
Previously, we observed that mutation of the two WxxxF/Y
motifs at positions 120 and 204 in ScPex5p did not abolish the
interaction with full length ScPex14p in the two-hybrid [21].
This raised the question as to the location of the Pex14p bind-
ing site(s) in Pex5p. Two-hybrid analysis was performed using
the two Pex14p fragments shown to bind to Pex5p in combina-
tion with several Pex5p constructs where the WxxxF/Y motifs
were either mutated or deleted (Fig. 4). The interaction be-
tween Pex14 252–341 and Pex5p was unaﬀected by mutation
of tryptophan 120 to alanine (W120A) but a severe decrease
was observed when a W204A mutation was introduced.
Pex14 1–94 retained the ability to strongly interact with Pex5p
where one or both of the tryptophan residues at positions 120
and 204 were mutated to alanines (W120A, W204A and W120/
204A). An interaction, although reduced, could also be de-
tected even when the region containing both of these motifs
was deleted (239–612). This interacting region could be further
reduced to residues 239–300.
3.4. ScPex14 1–94 can interact with ScPex5 239–300 in vitro
To determine if the interaction between Pex14 1–94 and
Pex5 239–300 was direct, an in vitro binding assay was per-
formed. Puriﬁed Pex5 239–300 alone, or pre-incubated with
either His6 Pex14 1–94 or His6 Tev (a negative control), was
loaded onto Ni-NTA resin, washed and the proteins were
eluted. Equivalent volumes of the elution fractions were ana-
lyzed by Western blotting using antibodies speciﬁc for His6,
Pex14p (His6 Pex14 1–94 could not be visualized using His6
antibodies) and Pex5p (Fig. 5). Pex5 239–300 was only found
in the elution fraction when His6 Pex14 1–94 was present.Fig. 4. Pex14p binding sites in Pex5p. Gal4DB Pex14 1–94 and 252–
341 were tested in a two-hybrid assay against fusions of Gal4AD and
WT Pex5p (WT), Pex5 W120A (W120A), Pex5 W204A (W204A), Pex5
W120/204A (W120/204A), Pex5 239–612 (239–612) and Pex5 239–300
(239–300). The strength of the interactions was measured as b-galacto-
sidase activity (see legend to Fig. 1). The values given are the means ±
S.D. of four independent measurements. All Gal4AD fusions showed
no interaction with the Gal4DB domain alone (not shown).4. Discussion
Pex14p is believed to function as a docking factor for both
PTS1- and PTS2-mediated peroxisomal matrix protein import.
In this study we have explored the interaction between the
PTS1 receptor Pex5p and Pex14p in S. cerevisiae.
Using two-hybrid analysis with truncated forms of Pex14p,
two independent Pex5p binding sites could be identiﬁed. The
N-terminal region of ScPex14p has already been postulated
as a Pex5p binding site. In our study, a fragment consisting
of the ﬁrst 94 amino acids showed binding to Pex5p. Removal
of even part of this region resulted in a severe reduction in the
interaction. The C-terminal interaction has not been previ-
ously reported and was most eﬃcient when only residues
252–341 were present. As to why the larger C-terminal con-
structs showed only a weak interaction, even when these resi-
dues were present, remains unclear but may be due to a
masking of this binding site by, for example, the coiled coil
region.
Both of the interactions appear to be essential for PTS1 im-
port, as truncated forms of Pex14p containing only one bind-
ing site misdirected catalase to the cytosol. This may imply
that the two binding sites act in collaboration, as the presence
of only one is not suﬃcient to fully restore the function of
Pex14p. Removal of the N-terminal binding site also resulted
in a PTS2 import deﬁciency. It is known that Pex7p, Pex18p
and Pex21p (proteins speciﬁcally involved in PTS2 import)
can interact with Pex14p [17], but the regions responsible for
these interactions have, so far, not been identiﬁed. Our data
suggest that the N-terminus of Pex14p may play a role in both
PTS1 and PTS2 import.
Two-hybrid analysis using Pex5p constructs lacking the
characterized WxxxF/Y motifs showed that they are not essen-
tial for binding to Pex14 1–94, although a 2–5-fold reduction
in the interaction was observed when both motifs were mu-
tated or deleted. Therefore, the participation of these motifs
in the interaction cannot be ruled out and would require fur-
ther investigation. In our study, a positive interaction in the
two-hybrid as well as in vitro was observed between Pex14
1–94 and Pex5 239–300. This fragment of Pex5p has been pre-
viously identiﬁed as the Pox1p binding region [22] and con-
tains a reverse WxxxF/Y motif. Whether this motif is
responsible for the interaction remains to be determined.
3420 C. Williams et al. / FEBS Letters 579 (2005) 3416–3420The binding of Pex14 252–341 to Pex5p was unaﬀected by
the mutation W120A, but was severely disturbed, although
not completely abolished, when tryptophan 204 was mutated
or deleted, suggesting that it may play a role in the interaction.
We were unable to reproduce the two-hybrid interaction in di-
rect in vitro experiments, suggesting that it is either too weak
to detect using the technique employed or that other factors
are needed. A potential candidate for another factor could
be Pex13p, as the interaction between Pex5p and Pex14 252–
341 was disturbed when tryptophan 204, a residue shown to
be involved in the Pex13p–Pex5p interaction [21], was absent.
As to why S. cerevisiae Pex14p contains two separate Pex5p
binding sites, whereas only one has been identiﬁed in other
organisms, remains to be seen. The N-terminal region of
Pex14p might represent the initial docking site for Pex5p on
the peroxisomal membrane, as the interaction between Pex14
1–94 and Pex5p is direct. The C-terminal region of Pex14p,
acting alone or in combination with another factor, such as
Pex13p, could therefore be involved in a later step. Alterna-
tively, this interaction might be involved in the actual translo-
cation of the Pex5p–PTS1 complex across the peroxisomal
membrane, as Pex14p has been suggested to play a role in this
process [20]. The nature of the Pex14p–Pex5p interaction needs
to be investigated further, if only to determine the function of
these multiple binding sites.Acknowledgments: We thank Dave Speijer, Will Stanley and Christian
Neufeld for useful advice and discussions, G. Stier for the pETM-30
plasmid and His6 Tev and Rob Benne for critically reading the
manuscript.References
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